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MicrohardnessIn this work, the microstructural evolution of Zn–3.2 wt%Ag (hypoperitectic) and Zn–8 wt%Ag
(hyperperitectic) alloys during transient unidirectional solidification is investigated. The experimental
results include solidification thermal parameters such as the growth rate (VL), thermal gradient (GL)
and tip cooling rate ( _T), which are related to the microstructural interphase spacing (k) by proposed
experimental growth laws. It is shown that, the classical lamellar eutectic growth law k2V = constant,
applies to the growth of the peritectic Zn–Ag alloys examined, despite the different values of the constant
associated with each alloy composition. In contrast, it is shown that identical functions of the form
k = constant (GL)14 (VL)1/8, and k = constant ( _T1=3) can be applied to both alloys examined. Positive sol-
ute macrosegregation was observed in regions close to the bottom of the castings. The dependence of
microhardness (HV) on the length scale of the microstructures (including that of a single phase Zn
0.8 wt%Ag alloy: kC cellular spacing) is examined. An experimental Hall–Petch type power law is
proposed relating the resulting microhardness to kC for the single phase alloy, and despite the segregation
profiles and the alloying differences of the hypoperitectic and hyperperitectic alloys, the average micro-
hardnesses of these alloys is shown to be essentially constant and similar along the castings lengths.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
Peritectic and eutectic reactions can be found in metallic, organic
and inorganic materials. The peritectic invariant transformation
occurs on cooling of a liquid phase (L) with a primary solid phase
(a) to form a second solid phase (b) below the peritectic tempera-
ture. A competitive growth occurs with the dissolution of the pri-
mary phase, to permit the second phase to freeze out from the
liquid, i.e. the peritectic reaction will occur where these three phases
are in contact (an equilibrium situation that is generally not
observed in practice). In another growth mechanism, called the peri-
tectic transformation, once the a phase is enveloped by b, additional
transformation is controlled by diffusion through the b phase [1–3].
However, a variety of microstructures can be obtained from during
solidification of peritectic alloys under non-equilibrium conditions,
which depend mainly on the thermal parameters during solidifica-
tion (thermal gradient, GL, growth rate, VL, and cooling rate, _T) and
the nucleation conditions. Possible microstructures include: cellular[4], bands [5,6], lamellar [7], eutectic type structures [8], and den-
dritic structures [9].
Zinc-based alloys are used in the manufacture of a number of
components of the electrical/electronics industry, e.g. connectors,
mobile-phone antennae, transformer cores, heat sinks, shutter
mechanisms in cameras, applications requiring electromagnetic
shielding, etc. [10]. Despite the importance of Zn-based alloys,
studies focusing on correlations between solidification thermal
parameters, microstructures of peritectic Zn–Cu and Zn–Ag alloys,
and application properties are sparse. Ma et al. [11,12], carried out
studies on steady-state growth of Zn-rich Zn–Cu alloys for a range
of compositions between 1.53 and 7.37 wt%Cu. They reported the
occurrence of two-phase regular and plate-like cellular microstruc-
tures in a range of compositions near the peritectic point. Brito
et al. [4,13], carried out transient solidification experiments on
Zn–1.0 wt%Cu (single-phase) and Zn–2.2 wt%Cu (hypoperitectic)
alloys, in which experimental growth laws relating the length scale
of the cellular microstructure to solidification thermal parameters
are proposed [4] and microstructural features and macrosegrega-
tion are related to the alloys microhardnesses [13]. The electro-
chemical corrosion behavior of a peritectic Zn–Cu alloys as a
Fig. 1. Partial Zn-Ag phase diagram: the dotted lines indicate the alloys examined
in the present study.
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spacings has been examined in a recent study by Osório et al. [14].
Concerning Zn–Ag alloys, the first study on solidification of
peritectic alloys was conducted by Uhlmann and Chadwick [15].
They investigated Zn-rich Zn–Ag peritectic alloys and pointed out
that the characteristic microstructure was formed by dendrites of
a primary phase embedded in a matrix of peritectic phase. Xu
et al. [16,17] carried out rapid solidification experiments to inves-
tigate the microstructural pattern of Zn-rich Zn–Ag peritectic
alloys containing up to 9.0 at.%Ag. These authors, for comparison,
have also performed steady-state Bridgman growth on the same
alloys. They reported that instead of a typical microstructure
formed by dendrites of the primary phase surrounded by the
peritectic phase, a two-phase plate like microstructure, with or
without dendrites of the primary phase, was observed for growth
rates higher than a critical value. In a recent study on transient
solidification of a single-phase Zn–0.8 wt%Ag alloy, the resulting
microstructure was reported to be formed by regular cells, how-
ever, for cooling rates higher than 10 C/s a plate-like cellular mor-
phology was observed [18]. An experimental growth law relating
the cell spacing with the cooling rate has been proposed, which
was shown to be able to represent both the steady-state and tran-
sient growth regimes of single-phase Zn–Ag alloys.
Despite the aforementioned studies on microstructural selec-
tion in peritectic Zn-based alloys solidification, the effects of tran-
sient heat flow conditions on the microstructural length scales of(a)
Fig. 2. Technique used for measurement of cellular (kC) and interphase (k) spacings in the
alloy.these alloys remain less well explored, especially studies encom-
passing the effects of macrosegregation and of the resulting micro-
structural pattern on mechanical and chemical properties. Most of
the experimental studies existing in the literature on peritectic
alloys, have been carried out under steady-state solidification,
where both thermal gradient and growth rate can be indepen-
dently controlled and kept constant in time. However, studies on
directional solidification of peritectic alloys under transient heat
flow conditions, in which both the thermal gradient and growth
rate vary freely in time and are interdependent, are scarce. The
main purpose of the present work is to analyze the effects of the
cooling rate and macrosegregation during transient solidification
on the microstructural evolution of peritectic Zn–Ag alloys. It is
also aimed to relate the resulting microstructural length scale
and local composition to the corresponding microhardness, includ-
ing for a single-phase Zn–Ag alloy for comparative purposes.2. Experimental procedure
Transient unidirectional solidification (DS) experiments were
carried out with Zn-rich Zn–Ag alloys, containing 0.8 wt%Ag (sin-
gle-phase), 3.2 wt%Ag (hypoperitectic) and 8 wt%Ag (hyperperitec-
tic), as indicated in the phase diagram of Fig. 1, in order to permit
transient solidification thermal parameters to be correlated with
microstructural features. To promote directional growth under a
wide range of cooling rates, the experiments were conducted in
an experimental setup consisting of a water-cooled mold with heat
being extracted from the bottom, promoting vertical upward direc-
tional solidification, as detailed in previous articles [19,20]. The
stainless steel mold had an internal diameter of 50 mm, height of
110 mm and wall thickness of 3 mm. The bottom part of the mold
was closed with a thin (3 mm thick) carbon steel sheet, which
physically separates the metal from the cooling water. The alloys
were melted in situ and the melt temperatures at the onset of solid-
ification were monitored by controlling the electrical wiring.
Approaching the wanted melt temperature, the controlled water
flow at the bottom of the mold was initiated, thus inducing longi-
tudinal heat flow along the vertical direction.
With a view to determining the thermal parameters during
solidification, the temperature evolution at different positions along
the casting length (5; 10; 15; 20; 30; 50 and 70 mm from the cooled
bottom of the casting) were monitored via the output of fine type J
thermocouples (0.2 mm diameter wire). All thermocouples were
connected by coaxial cables to a data logger interfaced with a com-
puter and the temperature data were collected at a frequency of
100 Hz. Each casting was sectioned along its longitudinal direction,
which is parallel to the direction of solidification, mechanically(b) 
microstructure: the triangle method: (a) Zn–0.8 wt%Ag alloy and (b) Zn–8.0 wt%Ag
1.0
1.5
2.0
2.5
3.0
3.5
        Zn-3.2wt.% Ag
 V
L
=3.2(P)-0.60
         Zn-8.0wt.% Ag
 V
L
=12(P)-0,90
p 
gr
ow
th
 r
at
e 
- V
L 
(m
m
/s
)
(a)
850 M. Dias et al. / Materials and Design 63 (2014) 848–855polished with abrasive papers and subsequently etched with an acid
solution of 95 mL ethanol and 5 mL HCl to reveal the macrostruc-
ture. Selected transverse sections (perpendicular to the growth
direction) of the directionally solidified castings were polished
and etched with the Palmerton’s reagent (40 g CrO3; 1.5 g Na2SO4
and 200 mL of distilled water) to reveal the microstructure. Image
processing systems Neophot 32 (Carl Zeiss, Esslingen, Germany)
and Leica Quantimet 500 MC (Leica Imaging systems Ltd., Cam-
bridge, England) were used to obtain the optical micrographs and
to measure the experimental cellular (kC) and interphase (k) spac-
ings, which were measured by the triangle method [10] according
to the schematic representation of Fig. 2. At least 40 measurements
were performed for each selected section.
X-ray diffraction (XRD) measurements were carried out with a
view to determining the phases forming the alloys microstruc-
tures. XRD patterns were obtained with a 2-theta range from 20
to 90, Cu Ka radiation with a wave-length, k, of 0.15406 nm. In
order to investigate the occurrence of macrosegregation the cast-
ings were also sectioned into transverse slices and a square central
part was cut by the use of a precision saw into pieces of approxi-
mately 1.0 mm and investigated by a Rigaku Rix 3100 X-ray
Fluorescence Spectrometer to estimate its average concentration(a) (b) 
Fig. 3. (a) Columnar macrostructure of the Zn 0.8 wt%Ag alloy casting and (b)
typical macrostructure of both Zn–3.2wt%Ag and Zn–8wt% Ag alloys castings,
formed by fine equiaxed grains.
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Fig. 4. Experimental cooling curves at different positions along the casting length
during the unidirectional solidification of the Zn 8 wt%Ag alloy. TV is the melt
temperature at the onset of solidification and TL is the liquidus temperature.through an area of 100 mm2 probe. Microhardness test were also
performed on transverse sections of the samples using a test load
of 200 g and a dwell time of 10 s. The adopted Vickers microhard-
ness is the average of about 20 measurements on each sample.3. Results and discussion
In Fig. 3a it can be seen that, for an alloy located in the mono-
phasic range of dilute alloy compositions (Zn–0.8 wt%Ag alloy)
the resulting DS macrostructure has been characterized by fine0 20 40 60 80 100
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Fig. 5. Thermal parameters as a function of position from the cooled bottom of the
casting during transient upward unidirectional solidification: (a) tip growth rate,
(b) cooling rate and (c) temperature gradient.
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the typical macrostructure of both the hypoperitectic (3.2 wt%Ag)
and the hyperperitectic (8 wt%Ag) alloys is formed by fine equi-
axed grains, which prevail in the entire casting, as shown in
Fig. 3b. It seems that the increase in the alloy Ag content favors
the nucleation frequency, which induces a copious nucleation
ahead the solidification front promoting the growth of equiaxed
grains.
A typical plot of experimental cooling curves for thermocouples
placed along the castings length during the directional solidifica-
tion (DS) of the alloys investigated is shown in Fig. 4 for the Zn
8 wt%Ag alloy casting. The thermal parameters (VL, _T and GL), have
been determined by appropriate experimental thermal data. The
thermocouples readings have been used to generate a plot of posi-
tion from the casting cooled bottom as a function of time corre-
sponding to the liquidus front passing by each thermocouple. A
technique involving the empirical fit of a power function to the
experimental data points was used to generate the experimental
function of position vs. time. The derivative of this function with
respect to time has yielded values for the tip growth rate, VL
(Fig. 5a). The cooling rate ( _T) profile was calculated by considering
the thermal data recorded immediately after the passage of the liq-
uidus front by each thermocouple (Fig. 5b). The thermal gradient,
GL, has been obtained from the relationship between the cooling
rate and tip growth rate, i.e., _T ¼ GLVL , as shown in Fig. 5c. It can
be observed in Fig. 5(a) and (b) that the use of a water-cooled mold
imposes higher values of tip growth rates and cooling rates near
the casting surface and a decreasing profile along the casting
length due to the increasing thermal resistance of the solidified
shell with distance from the cooled surface. Despite the difference
in the experimental laws VL = f(P) and GL = f(P) associated with each
alloy composition, it can be seen that when considering the ther-
mal parameters that synthesizes these two parameters, i.e. theZn-3.2wt.%Ag (Transverse 
section )
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Fig. 6. Transverse microstructures of the Zn–Ag peritectic alloys examined: (a) Zn–3.2 w
from the heat-extracting surface at the bottom of the mold, _T is the cooling rate, VL is tcooling rate, a same function _T ¼ f ðPÞ applies to both peritectic
alloys examined.
The typical microstructure of the examined peritectic alloys,
which solidified under non-equilibrium transient conditions, is
formed by dispersed dendritic crystals of the primary e phase
(Zn3Ag) in a matrix of the peritectic product phase g (solid solu-
tion of Ag in Zn) that grows below the peritectic temperature.
Transverse optical micrographs are shown in Fig. 6 for both com-
positions examined, at different positions along the castings length
and with the corresponding experimentally determined cooling
rate and growth rate. Despite the wide range of solidification cool-
ing rates associated with these microstructures (from about 1 C/s
to 20 C/s), they are similar in morphology but differ on the size of
the primary e dendritic crystals and their distribution throughout
the matrix, parameterized by the interphase spacing k (also
depicted in Fig. 6). It is observed that these spacings experience a
significant increase with the distance from the heat-extracting sur-
face located at the bottom of the mold. Xu et al. [16] carried out a
study on microstructural evolution of both hypoperitectic and
hyperperitectic Zn–Ag alloys under a wide range of growth rates
and reported that the typical microstructure formed by primary
dendrites of e surrounded by g can be replaced with (g + e) having
a plate like morphology, with or without e dendrites for growth
rates higher than a critical value that increases with increase in
the alloy Ag content. In the present study no evidence of plate-like
morphology has been observed, even for the highest cooling rate
examined (20 C/s). However, in a previous study on the direc-
tional growth of a monophasic Zn–0.8 wt%Ag alloy by some of
the present authors [18], a plate-like cellular morphology was
reported to occur for _T > 10 C/s. Brito et al. [13] in a recent study
on transient directional solidification of Zn–Cu peritectic alloys
also reported the occurrence of plate-like cellular morphology for
a hypoperitectic alloy for cooling rates higher than 16 C/s.Zn-8wt.%Ag  (Transverse
section)
Data
Position: 10 mm
 : 11.7 ºC /s
VL: 1.5 mm/s
: 71 µm
Position: 50 mm
 : 1.4 ºC /s
VL: 0.35 mm/s
Position: 70 mm
 : 0.9 ºC /s
VL: 0.26 mm/s
t%Ag (hypoperitectic) and (b) Zn–8 wt%Ag (hyperperitectic), where: P is the distance
he growth rate and k is the interphase spacing.
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852 M. Dias et al. / Materials and Design 63 (2014) 848–855In order to correlate the interphase spacing (k) measured from
the aforementioned microstructures with solidification thermal
parameters, they are plotted as a function of VL, V
0:25
L G
0:125
L and
_T in Figs. 7(a)–(c), respectively. The average, minimum and maxi-
mum values of k are plotted in these figures; with the lines repre-
senting power function fits to the experimental scatters.1
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Fig. 7. Correlation between interphase spacing and: (a) tip growth rate; (b) (GL)1/
4  (VL)1/8) and (c) cooling rate, for the Zn–3.2 wt%Ag and Zn–8 wt%Ag alloys. R2 is
the coefficient of determination.
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Fig. 8. Experimental macrosegregation profiles along the castings length.As can be observed in Fig. 7(a) two experimental growth laws
relate the interphase spacing to the tip growth rate (VL) for the
Zn–3.2 wt%Ag (hypoperitectic) and Zn–8.0 wt%Ag alloys (hyper-
peritectic). On the other hand, an important factor to be noted is
that the classical lamellar eutectic growth law proposed by Jackson
and Hunt [21], k2V = constant, also applies to the growth of peritec-
tic Zn–Ag alloys under transient heat flow conditions. Xu et al. [17]
also reported results relating the interphase spacing of hypoperi-
tectic and hyperperitectic Zn–Ag alloys to the growth rate during
both Bridgman and laser remelting experiments. They plotted the
experimental results of both experiments in single graphs, for
any alloy examined, and also concluded that kV1/2 is essentially
constant for a given alloy composition, and that the constant varied
from 259 to 159 lm3/2 s1/2 for hypoperitectic and hyperperitectic
alloys, respectively. It is important to observe that by mixing the
results of both experiments, they are also mixing two different
growth conditions; steady-state heat flow conditions (Bridgman:
variable V and constant G = 15 C/mm) and transient solidification
(laser remelting). During Bridgman growth, solidification is highly
controlled and the substantial controllable thermal variables, GL
and VL, are kept constants and are they are essentially independent
of each other. If a different experimental value would be adopted
for GL, a given k value would be related to a different VL. Further-
more, the adopted growth rate during laser remelting experiments
was that of the laser beam scanning velocity. It is theoretically
accepted that during laser remelting the onset of solidification at
the bottom of the liquid pool occurs at a growth rate that
approaches zero, and that it increases rapidly over the pool depth
approaching a limiting value at the top of the laser trace that can
reach the value of the laser beam rate [22]. Zhang et al. [23] in a
study on laser remelting of monophasic and peritectic Zn–Ag alloys
reported that both the intercellular spacing and the interphase
spacing, which characterizes each alloy, respectively, decrease lin-
early with increase in laser scanning velocity. It seems that the
adopted combination of theoretical growth rates (the laser beam
rate) with results of steady-state growth under a constant thermal
gradient (GL = 15 C/mm) cannot be considered an appropriate
approach permitting reliable numerical constants of experimental
growth laws for Zn–Ag peritectic alloys (kV1/2 = constant) to be
derived. In fact, Xu et al. remarked that the values of their experi-
mental constants are higher than those reported in the literature
for Ti–Al and Ni–Al peritectic alloys (27 and 45 lm3/2 s1/2, respec-
tively) [24,25] and much higher than that of hypereutectic Al–Cu
alloys (9.4 lm3/2 s1/2) [26]. In the present study, the correspond-
ing constants can be derived from the experimental laws of
Fig. 7a, which for the growth law in the form kV1/2 and V in lm s1
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Fig. 9. Vickers microhardness (HV) as a function of position in casting (a) Zn–
0.8 wt%Ag alloy; (b) HV as a function of the cellular spacing for the Zn–0.8 wt%Ag
alloy and (c) HV vs. P for the 3.2–wt%Ag and Zn–8wt%Ag alloys.
M. Dias et al. / Materials and Design 63 (2014) 848–855 853are given by 2.06 and 2.53 lm3/2 s1/2, for the hypoperitectic and
hyperperitectic alloys, respectively. These values are much lower
than those reported by Xu et al. [17] for Zn–Ag alloys.
It seems that more consistent experimental growth laws should
encompass both the growth rate and the thermal gradient. The
dependence of k with the thermal parameters is expressed by an
equation of the type k = constant (V1=4L G
1=8
L ) in Fig. 7(b). The
expression has been proposed originally by Calberg and Bergman
[27] for the growth of monotectic alloys and was recently validated
by Silva et al. [28,29] against experimental results of directional
transient solidification of hypomonotectic, monotectic and hyper-
monotectic Al–Bi alloys. As shown in Fig. 7b, such relationship
can also be applied to the growth of peritectic Zn–Ag alloys, and
represented by the same function: k = 142(GL)1/4(VL)1/8 for both
the hypoperitectic and hyperperitectic alloys examined in the
present study.
In transient solidification, which encompasses most of the
industrial solidification processes, GL and VL are interdependent,
cannot be controlled and vary freely in time. The tip cooling rate
synthesizes these two variables in absence of melt convection, since
_T ¼ ðGLVLÞ. Fig 7(c) presents a correlation between the interphase
spacing and cooling rate for the Zn–3.2 wt%Ag and Zn–8.0 wt%Ag
alloys and the same power type law, given by k = 154( _T1=3), can
represent the experimental scatter of both alloys.
In order to examine the long range segregation along the direc-
tionally solidified castings lengths, the concentration profiles of Ag
of both peritectic alloys examined in the present study are
depicted in Fig. 8, compared with that of a Zn–Ag alloy within
the monophasic range of compositions (Zn–0.8 wt%Ag alloy). It
can be observed that the dilute Zn–Ag alloy does not present mac-
rosegregration, having an essentially constant Ag concentration.
On the other hand with increasing Ag content (Zn–3.2 wt%Ag and
Zn–8.0 wt%Zn peritectic alloys) inverse solute segregation profiles
are produced, which are quite significant from the cooled surface
of the casting up to about 10 mm from this surface. The partition
coefficients of both alloys examined is >1, which causes rejection
of Ag at the solidification interface. Since Ag (10,490 kg/m3) is den-
ser than Zn (7140 kg/m3) [30], and solidification was carried out
vertically upwards, the solute enriched liquid close to the solidifi-
cation interface tends to be driven toward the casting bottom, thus
inducing positive Ag segregation at regions closer to the bottom of
the casting.
The effects of both length scale of the microstructures and mac-
rosegregation on hardness, can be seen in Fig. 9a and c, where (HV)
is plotted as a function of position (P) along the casting length, for
the Zn–0.8 wt%Ag and both Zn–3.2 wt%Ag/Zn–8.0 wt%Ag peritectic
alloys, respectively. It can be seen in Fig. 9a that an increase in P
leads to a decrease in microhardness of the Zn–0.8 wt%Ag alloy
(monophasic). Since no macrosegregation occurred during solidifi-
cation of this alloy, the parameter affecting hardness has to be
linked to microstructural features, such as the microstructure spac-
ing. In a previous study of some of the present authors it was
shown that this alloy exhibited a cellular morphology along the
entire casting during transient directional solidification [18].
Fig. 9b depicts the evolution of HV with the measured cellular
spacing along the casting length. It can be observed that the
microhardness decreases with increase in kC and that the depen-
dence of HV on k1=2C can be represented by a Hall–Petch type equa-
tion given by HV = 35 + 82(kC)1/2. The monophasic Zn0.8 wt%Ag
alloy is characterized essentially by regular cells of g phase along
almost the entire DS casting, except for regions quite close to the
cooled surface of the casting (for _T>10 C/s), as aforementioned,
where a plate-like cellular morphology is observed [18]. The lower
the cells size, the larger is the area of cell boundaries blocking dis-
locations. The increase in hardness may be associated mainly with
the reduction in the cell size, despite the different cell morphology(close to the casting surface) and the decrease in the intensity of
the residual e phase (Zn3Ag) with the decrease in the cooling rate,
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Fig. 10. Typical X-ray diffraction (XRD) patterns at different positions along the Zn–
0.8wt%Ag casting length, associated with the corresponding cooling rate during
solidification.
μ
Fig. 11. Microhardness of individual phases of the Zn–3.2wt%Ag alloy (a) phase e
(Zn3Ag), HV = (75 ± 8.0) and (b) phase g, HV = (71 ± 11.0).
854 M. Dias et al. / Materials and Design 63 (2014) 848–855as shown by X-ray diffractograms in Fig. 10. In previous studies on
a Bi–Ag eutectic solder alloy [31] and on a ternary Al–Fe–Ni alloys
[32], it was also shown that hardness can be associated with
cellular and primary dendritic arm spacings by Hall–Petch type
equations. In contrast, for the Zn–3.2 wt%Ag and Zn–8.0 wt%Agperitectic alloys, the microhardness is essentially constant along
the casting length and a same average value (of about 76 HV, as
shown in Fig. 9c) can be associated with the experimental scatter
of both peritectic alloys. This occurs in spite of the Ag content of
Zn–3.2 wt%Ag hypoperitectic alloy being less than half of that of
the hyperperitectic alloy (Zn–8.0 wt%Ag) and the occurrence
of positive segregation at regions close to the castings surfaces of
both alloys, as shown in Fig. 8. The individual measurement of
hardness in both phases forming the microstructures, shown in
Fig. 11, indicates that these phases, g and e (Zn3Ag) have very sim-
ilar hardness, i.e. HV = (71 ± 11.0) and HV = (75 ± 8.0), respectively.
This explains the essentially constant hardness profile exhibited in
Fig. 9c.
4. Conclusions
1. It was shown that during unidirectional solidification of peri-
tectic Zn–Ag alloys, under non-equilibrium transient heat flow
conditions, the peritectic reactions is stifled and the resultant
microstructure is formed by dispersed dendritic crystals of the
primary e phase (Zn3Ag) in a matrix of the peritectic product
phase g that grows below the peritectic temperature. Experi-
mental growth laws are proposed relating the interphase spac-
ing of the peritectic alloys to solidification thermal parameters
(growth rate, thermal gradient and cooling rate).
2. The macrostructure of both hypoperitectic and hyperperitectic
alloys examined is characterized by fine equiaxed grains along
the entire undirectionally solidified castings, while for a sin-
gle-phase Zn–Ag alloy casting a macrostructure of fine colum-
nar grains prevailed. It was shown that a single-phase Zn–Ag
alloy did not present macrosegregration, having an essentially
constant Ag concentration along the casting length, however,
with increasing Ag content (Zn–3.2 wt%Ag and Zn–8.0 wt%Ag
alloys) inverse solute segregation profiles are produced, which
are quite significant from the cooled surface of the casting up
to about 10 mm from this surface.
3. Despite the segregation profiles and the alloying differences of
the hypoperitectic and hyperperitectic alloys examined, the
average microhardnesses of these alloys was shown to be sim-
ilar along the castings lengths, and independent of the local
interphase spacing. This was attributed to the similar hardness
of both phases forming the microstructures of these alloys. In
contrast, for the single phase alloy the microhardness (HV)
was shown to increase with decrease in the cellular spacing
(kC) and a Hall–Tech type experimental equation is proposed
relating HV to kC.
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